Synthetic 1,4-anthracenediones, which block nucleoside transport and induce DNA fragmentation, retain their cytotoxic efficacy in daunorubicin-resistant HL-60 cell lines.
Anthracene-1,4-dione and 6,7-dichloro-1,4-anthracenedione (code names AQ1 and AQ4, respectively) are cytostatic (IC50: 53 and 110 nM, respectively) and cytotoxic (IC50: 100 and 175 nM, respectively) in wild-type drug-sensitive HL-60-S tumor cells at day 4 in vitro. Therefore, the antitumor effects of these drugs were assessed and compared to those of daunorubicin (DAU) in HL-60-RV and HL-60-R8 tumor cells, which are, respectively, P-glycoprotein-positive and -negative multidrug-resistant (MDR) sublines. In contrast to DAU, which loses its cytostatic [resistance factors (RFs): 30.3-31.8] and cytotoxic (RFs: 48.8-58.1) activities in MDR sublines, AQ1 inhibits cell proliferation (RFs: 0.9-1.3) and cell viability (RFs: 1.4-1.6) as effectively in HL-60-RV and HL-60-R8 as in HL-60-S cells. Similarly, DAU decreases the rate of DNA synthesis less effectively in MDR sublines (RFs: 8.0-13.3) but AQ1 inhibits the incorporation of [3H]thymidine into DNA to the same degree in HL-60-S as in HL-60-RV and HL-60-R8 cells (RFs: 0.9-1.1). In contrast to DAU, which is ineffective, the advantage of AQ1 is its ability to block the cellular transport of purine and pyrimidine nucleosides in HL-60-S cells, an effect which persists in the MDR sublines (RFs: 1.1). AQ4, which mimics to a lesser degree all the antitumor effects of AQ1, except the inhibition of adenosine transport, also retains its effectiveness in MDR sublines (RFs: 1.1-3.1). The peaks of DNA cleavage caused by DAU and AQ1 in HL-60-S cells shift to lower concentrations with increasing times of drug exposure but DAU loses most of its ability to induce DNA fragmentation in MDR sublines, whereas the levels of AQ1-induced DNA cleavage at 16 and 24 h are nearly equivalent in HL-60-S, HL-60-RV and HL-60-R8 cells. Because they not only mimic the antitumor effects of DAU in the nM range but also block nucleoside transport and remain effective in tumor cells that have developed different mechanisms of MDR, AQ1 and AQ4 analogs might be valuable to develop new means of polychemotherapy.